Rats infected with the helminth
Introduction
Several animal models of hepatic fibrosis have been utilized for testing drugs exhibiting antifibrotic potential. The models of hepatic fibrosis utilized are mainly those obtained in rats by repeated injections of carbon tetrachloride, by injections of porcine serum or following total main bile duct obstruction (1) . Mice infected with Schistosoma mansoni have also been used (2) . However, all of these models present limitations, especially due to individual variation in fibrosis development and high mortality, not counting the prolonged time involved and the high cost of some of them. Recently, it has been shown that rats chronically infected with the helminth Capillaria hepatica regularly develop progressive and diffuse septal hepatic fibrosis (3) similar to that seen in rats repeatedly injected with whole porcine serum (4, 5) . Fibrosis starts around the 40th day after infection, when the worms are already dead and the parasite-dependent, focal necrotic and inflammatory lesions are undergoing fibrous encapsulation and resorption.
Because septal fibrosis develops within a relatively short time (40-45 days) in 100% of the infected rats and shows a progressive course toward cirrhosis, this model has been considered to be one of the most adequate for testing antifibrotic drugs both in terms of their therapeutic and prophylactic effects.
This report concerns the response of hepatic fibrosis associated with C. hepatica infection to several drugs exhibiting antifibrotic potential. It was assumed that the results obtained would be worthwhile both for testing the model and the drugs.
Material and Methods
Wistar rats of both sexes weighing 170 to 300 g were infected with approximately 1,000 embryonated eggs of C. hepatica each, administered by gavage. The eggs were obtained from the livers of experimentally infected rats. The liver tissue was homogenized in a blender at 1,000 rpm, washed repeatedly in tap water, and left to sediment, until the supernatant fluid was completely clear. The sediment containing the immature eggs was placed on a Petri dish and covered with gauze humidified with 0.5% formalin. After 28-30 days at room temperature (26-28 o C), the eggs became embryonated and were recovered and used to infect the animals. After inoculation the animals were divided at random into 5 experimental groups of five animals each as follows:
Group I. Infected control. The animals received two weekly subcutaneous (sc) injections of 0.85% saline. Groups II and III. The animals were treated daily with 6 mg of pentoxifylline (Trental; Hoechst, São Paulo, SP, Brazil), administered intraperitoneally (ip) and intravenously (iv), respectively.
Group IV. The animals were treated with 1 ml of a 4 mM solution of gadolinium chloride (Sigma-66H3405; Sigma Chemical Co., St. Louis, MO, USA) administered iv.
Group V. The animals were treated with vitamin A (Arovit; Roche, São Paulo, SP, Brazil) twice a week by the sc route at the dose of 50,000 IU up to a total of 200,000 IU.
Treatment was started for all the groups on the 25th day after inoculation. To follow the course of treatment and to evaluate the preventive potential of the drugs, the animals were submitted to partial hepatectomy (surgical liver biopsy) one week after the end of treatment (45th day of infection). Treatment was resumed one week later, up to the time of sacrifice on the 95th day following infection. Table 1 summarizes the experimental protocols used.
For histological study, fragments of the liver collected during all the experimental phases were immediately fixed in Bouins fixative for 6 h, preserved in 70% alcohol and routinely embedded in paraffin. Sections were stained with hematoxylin and eosin. In addition, the sirius red method for collagen was also used (6) . The slides were blindly and independently evaluated by two pathologists by a semi-quantitative method, which considered fibrosis as absent (0), mild (+), moderate (++) and marked (+++) (see Figure 1 ). In case of disagreement, a consensus was reached before decoding the slides. Other portions of the liver were separated and submitted to the method of Bergman and Loxley (7) for measurement of hydroxyproline content. Morphometric measurements were made on histological slides stained by the sirius red method and submitted to a computer image analyzing system (Leica Quantimet Q500MC, Cambridge, England). A total sectional area of 17.01 x 10 6 µm 2 per case was evaluated. A Leica Microstar IV microscope with a 4X objective was used to examine 9 microscopic fields at random. The sectional area of the fibrous tissue, red stained, was directly measured and calculated as percent of the total area examined.
An extra group was used to test the effect of gadolinium chloride on Kupffer cells. Normal rats were injected with a single dose or with 3 repeated doses of gadolinium chloride (4 mM/animal) one every 72 h. Twentyfour hours after the last injection, the animals received 1 ml of 10% India ink (colloidal carbon) iv.
Normal rats injected with India ink served as controls. The animals were sacrificed 24-48 h after injection of India ink and their livers submitted to histological examination by means of paraffin sections lightly stained with hematoxylin.
Results
Scattered focal lesions containing disintegrating parasites and their eggs varied in quantity but septal fibrosis was diffuse and appeared regularly in all infected untreated animals. By the 107th day of infection, the focal lesions had become small, encapsulated and frequently calcified, while septal fibrosis was more marked, being sometimes associated with areas of nodular regeneration of the hepatic parenchyma ( Figure 1A) .
Evaluation of the extent of septal fibrosis by a semi-quantitative histological method demonstrated that the groups treated ip with pentoxifylline exhibited a considerable decrease or even total absence of septal fibrosis ( Figure 1B, C and D) as compared to the control group which presented a marked degree of fibrosis.
Morphometric evaluation confirmed the results obtained by semi-quantitative histology. The mean values for representative sectional areas of the liver revealed a considerable reduction of fibrosis for the groups treated with pentoxifylline (given ip), in comparison to untreated controls (P<0.005) ( Table 2 ). The administration of vitamin A failed to modify the degree of liver fibrosis in a significant manner.
Hydroxyproline concentration (Table 3 ) also agreed with the data mentioned above but, in addition to indicating a statistically significant decrease in fibrosis for the group treated with pentoxifylline, it also showed similar results for gadolinium when administered before fibrosis had become established (prophylactic treatment).
The uptake of colloidal carbon by sinusoidal cells in normal rats treated with gadolinium chloride failed to show any difference when compared to untreated controls, with a similar number of sinusoidal cells containing carbon particles observed in both cases.
Data were analyzed by one-way ANOVA and the Student-Newman-Keuls test for group comparison.
Discussion
The model of septal fibrosis developed in rats infected with C. hepatica appeared to be adequate for testing antifibrotic drugs. Hepatic fibrosis was constant, uniform and progressive in infected controls and was significantly, albeit variably, affected by antifibrotic treatment. Since septal fibrosis does not appear before the 30th day of infection, drugs can be reliably tested with the present model for their prophylactic value when administered around the 25th day of infection or for their therapeutic action when administered after the 50th day.
Clear-cut positive results were obtained with pentoxifylline treatment, with the route of drug administration appearing to be crucial. The ip route yielded better results than the iv route. It is rather difficult to explain this finding, since the action of pentoxifylline seems to be quite complex. Pentoxifylline (methylxanthine) is known to inhibit collagen synthesis, suppress Kupffer cell activation and promote decrease of serum TNFa (8, 9) . It can also inhibit collagen deposition and connective tissue cell proliferation (10) . Probably, the plasma concentration and half-life of the drug differ according to the route of administration. Also, when injected ip, the drug would reach sinusoidal cells in the liver more rapidly or at more adequate concentrations than when systemically administered.
Sinusoidal cells play a pivotal role in septal fibrosis (11) . As a matter of fact, the possibility of the drug interfering with sinusoidal cells stimulated us to use gadolinium chloride in this investigation. Gadolinium is (12) (13) (14) (15) . In the present investigation, gadolinium initially yielded clear-cut antifibrotic results, but did not avoid the progress of fibrosis thereafter. The drug causes phenotypic alteration in Kupffer cells, causing them to produce excess TNF-a (14) . Surprisingly, our results with the India ink test did not indicate that gadolinium altered the phagocytic capacity of Kupffer cells.
Vitamin A has yielded controversial antifibrotic results. High doses are considered to induce fibrosis in some studies (16) , while others have found the opposite (17) . High doses of vitamin A cause the Ito cells to be loaded with fat droplets. This may even depress the synthetic machinery of the cell through a space-occupying effect. Our results failed to show an antifibrotic effect when high doses of vitamin A were administered to rats with C. hepatica-associated septal fibrosis of the liver.
Further studies with different doses and protocols, with the present drugs or other compounds, should better characterize the antifibrotic properties of the agents used. The effects observed can also be compared in different models, since the antifibrotic activity may vary according to the pathogenesis of hepatic fibrosis. Hepatic fibrosis is usually associated with chronic inflammation and/or hepatocellular necrosis. Septal fibrosis of the liver induced in rats either by porcine serum (2, 5) or by C. hepatica infection (3) is not preceded by outstanding necrosis or inflammation. Septal fibrosis seems to have an immunological basis (18) , which turns the present model still more interesting. In conclusion, the results of the present investigation indicate that the model of hepatic septal fibrosis associated with C. hepatica infection of the rat is adequate for studies concerning the response of fibrosis to drug treatment and that it may also be valuable for investigations concerning the pathogenesis of liver fibrosis.
